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PCardiac Imaging
Global 2-Dimensional Strain as a New
Prognosticator in Patients With Heart Failure
Goo-Yeong Cho, MD, PHD,* Thomas H. Marwick, MD, PHD,† Hyun-Sook Kim, MD, PHD,‡
Min-Kyu Kim, MD,‡ Kyung-Soon Hong, MD, PHD,‡ Dong-Jin Oh, MD, PHD‡
Seoul, South Korea; and Brisbane, Queensland, Australia
Objectives We sought to evaluate whether global 2-dimensional (2D) strain offers additional benefit over left ventricular
ejection fraction (LVEF) to predict clinical events in heart failure.
Background Although 2D strain based on speckle tracking has been proposed as a simple and reproducible tool to detect
systolic dysfunction, the relationship of 2D strain and prognosis has not been studied.
Methods Two hundred one patients (age 63  11 years, 34% female, LVEF 34  13%) hospitalized for acute heart failure
underwent clinical evaluation and conventional and tissue Doppler echocardiography. Using dedicated software,
we measured the global longitudinal strain (GLS) in apical 4- and 2-chamber views and the global circumferen-
tial strain (GCS) in a parasternal short-axis view. Cardiac events were defined as readmission for heart failure or
cardiac death.
Results There were 23.4% clinical events during 39  17 months of follow-up. In univariate analysis, age, left atrial vol-
ume, left ventricular volume, LVEF, ratio of early transmitral flow to early diastolic annular velocity (E/e=), and
both GLS and GCS were predictive of cardiac events. In multivariate Cox models, age (hazard ratio [HR]: 1.06,
95% confidence interval [CI]: 1.01 to 1.10, p  0.017) and GCS (HR: 1.15, 95% CI: 1.04 to 1.28; p  0.006)
were independently associated with cardiac events. By Cox proportional hazards model, the addition of GCS
markedly improved the prognostic utility of a model containing ejection fraction, E/e=, and GLS.
Conclusions GCS is a powerful predictor of cardiac events and appears to be a better parameter than ejection fraction in pa-
tients with acute heart failure. (J Am Coll Cardiol 2009;54:618–24) © 2009 by the American College of
Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2009.04.061c
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Peft ventricular ejection fraction (LVEF) is the most
xtensively investigated echocardiographic systolic function
nd has been established as a powerful predictor of mortality
n patients with systolic heart failure (1,2). However, some
eports have characterized the relationship between LVEF
nd mortality in heart failure patients with inconsistent
esults (3–5). Furthermore, assessment of left ventricular
LV) systolic function using an echocardiogram is often
ather subjective, especially when the endocardial border
annot be clearly defined. LV systolic function is a complex,
oordinated action involving longitudinal contraction, cir-
umferential shortening, and radial thickening. Contraction
f muscle fibers in the mid-wall, which is linearly related to
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009, accepted April 14, 2009.ircumferential strain (6), may better reflect intrinsic con-
ractility than contraction of fibers in the endocardium (7).
The recently developed 2-dimensional (2D) strain based
n speckle tracking is an innovative method providing
ultidimensional myocardial mechanics that involves rota-
ion and longitudinal and circumferential motion. In an
xperimental study, both longitudinal and circumferential
train had good correlation and agreement with sonomi-
rometry and had real potential for quantification of LV
eformation (8).
See page 625
We hypothesized that global longitudinal strain (GLS)
nd global circumferential strain (GCS) may potentially be
tronger predictors of clinical events than LVEF in patients
ith congestive heart failure.
ethods
atient population. This was a single-center prospective
bservational study. Between June 2000 and September
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August 11, 2009:618–24 Global Strain in Heart Failure004, we prospectively recruited patients who were admit-
ed to a cardiology department with heart failure. Of these,
e narrowed our study population to include only patients
ho survived acute decompensated heart failure in New
ork Heart Association functional classIII. Inclusion and
xclusion criteria are presented in Figure 1.
Patients received standard management as recommended
or heart failure, with regard to beta-blockers, angiotensin-
onverting enzyme inhibitors, and diuretics, including
pironolactone.
The ischemic etiology of heart failure was defined by 1 of
he following criteria: 1) significant epicardial coronary artery
tenosis (50%); or 2) history of myocardial infarction or
oronary revascularization. Normal myocardial perfusion on
adionucleotide imaging was regarded to be of nonischemic
tiology. The study protocol was approved by the Institutional
eview Board of Hallym University.
chocardiography. All images were obtained with a stan-
ard ultrasound machine (System 5 or Vivid 7, GE Ving-
ed, Horten, Norway) with a 2.5-MHz probe. Standard
echniques were used to obtain M-mode, 2D, and Doppler
easurement in accordance with American Society of
chocardiography guidelines. Tissue Doppler-derived peak
ystolic (s=), early (e=), and late diastolic (a=) velocities were
erived from the septal mitral annulus. LV end-systolic and
Figure 1 Inclusion and Exclusion Criteria
ACS  acute coronary syndromes;
CHF  congestive heart failure; LV  left ventricular.and-diastolic volumes along with
he LVEF were calculated by the
iplane Simpson’s method from
pical 4- and 2-chamber views.
he percentage of LV fractional
hortening was also calculated as
ollows: ([LV end-diastolic di-
ension – end systolic dimen-
ion]/LV end diastolic dimen-
ion) 100. Mitral regurgitation
as characterized as follows:
ild (regurgitation orifice area
0.2 cm2), moderate (0.2 to 0.39
m2), and severe (0.4 cm2).
train analysis. For global 2D
train analysis, a digital loop was
cquired from a parasternal short-
xis view at the mid-papillary level,
pical 4-chamber, and apical-2
hamber views. All images were
tored digitally on a magnetic op-
ical disc and analyzed off-line. We traced along the LV
ndocardial border at the end-systolic frame. The strain curve
as extracted from the gray-scale images by using dedicated
oftware (EchoPac, GE Vingmed). Peak strain was defined as
he peak negative value on the strain curve during the entire
ardiac cycle. Peak GLS and GCS were calculated for the
ntire U-shaped (GLS) and circular-shaped (GCS) LV myo-
ardium as: global strain (%)  (L[end-systole] – L[end-
iastole])/L(end-diastole) 100 (9), where the global strain is
he change of the whole myocardium, not an averaged value of
ach segmental strain, and L is the whole LV myocardium as
ne big segment. GLS was averaged from the apical 4- and
-chamber views. All echocardiographic data were obtained at
he time of discharge.
ollow-up and end points. All patients were seen within 4
eeks post-discharge and every 2 months thereafter for the
uration of the follow-up period. No patient was lost to
ollow-up. The cardiac events were defined as readmission
or worsening of heart failure and cardiac death. In case of
eath, the reasons for death were verified from hospital
ecords or a death certificate from the Korea National
tatistical Office. The cause of death was identified in all
atients.
tatistical analysis. Data are expressed as mean  SD for
ontinuous variables and as proportions for categorical
ariables. The comparison of continuous variables was
erformed by an independent sample t test. For categorical
ariables, the chi-square test was used. A Cox proportional
azards model was used for multivariate analysis (forward
tepwise) to investigate which prognostic factors identified
sing univariate analysis were significantly associated with
ardiac events. Receiver-operating characteristic (ROC)
urve analysis was used to determine optimal cutoff values
f continuous variable. The best cutoff value was defined
Abbreviations
and Acronyms
2D  2-dimensional
CI  confidence interval
E/e=  ratio of early
transmitral flow to early
diastolic annular velocity
EF  ejection fraction
GCS  global
circumferential strain
GLS  global longitudinal
strain
HR  hazard ratio
LV  left ventricle/
ventricular
LVEF  left ventricular
ejection fraction
ROC  receiver-operating
characteristics the point with the highest sum of sensitivity and
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Global Strain in Heart Failure August 11, 2009:618–24pecificity. The overall event-free survival rates were calcu-
ated using the Kaplan-Meier analysis, and the event rates
ere compared using the log-rank test. The 2-tailed p val-
es of 0.05 were considered statistically significant. Sta-
istical analysis was performed using SPSS version 13.0
SPSS Inc., Chicago, Illinois).
esults
aseline characteristics. A total of 201 patients fulfilled
ll inclusion and exclusion criteria. During the mean
ollow-up duration of 39  17 months, cardiac events
ccurred in 23.4% (47 of 201 patients), including cardiac
eath in 13%. The clinical and echocardiographic param-
ters are summarized in Table 1. As compared with
atients who did not develop cardiac events, patients who
eveloped cardiac events were older, and had a greater
eft atrium and LV volume, a higher E/e=, a lower LVEF,
nd a lower GLS and GCS, but were similar with respect
linical and Echocardiographic CharacteristicsTable 1 Clinical and Echocardiographic Characteristics
Cardiac Events
p ValueNo (n  154) Yes (n  47)
Age, yrs 61.2 11.0 66.9 11.3 0.003
Sex (male), % 66.9 61.7 0.599
Ischemic origin, % 53.2 61.7 0.321
Medication, %
Beta-blocker 76.3 65.0 0.159
ACEI or ARB 84.1 92.7 0.205
Diuretics 80.3 95.1 0.028
LV mass index, g/m2 172.9 48.9 185.0 57.3 0.199
LV dimension, cm
End-systole 4.4 1.0 4.8 1.3 0.011
End-diastole 5.8 0.8 6.1 1.1 0.011
LV fractional shortening, % 25.0 10.6 21.2 9.3 0.029
LA dimension, cm 4.2 0.7 4.5 0.6 0.014
LA volume index, ml/m2 26.6 11.1 32.3 11.8 0.012
LV volume, ml
End-systole 83.7 43.0 102.6 61.1 0.020
End-diastole 123.0 43.5 142.9 68.6 0.020
LV ejection fraction, % 35.1 13.1 30.9 12.1 0.057
Transmitral flow
E/A ratio 1.2 0.9 1.4 0.9 0.261
Deceleration time, ms 194.5 66.0 179.7 66.5 0.223
Mitral regurgitation, n (%) 0.004
Mild 86 (55.8) 22 (46.8)
Moderate 56 (36.4) 13 (27.7)
Severe 12 (7.8) 12 (25.5)
Tissue Doppler, cm/s
s= (systole) 4.9 1.4 4.3 1.3 0.008
e= (early diastole) 4.3 1.5 3.8 1.3 0.029
E/e= ratio 20.7 13.4 24.5 9.9 0.013
GLS, % 10.8 3.8 9.5 4.0 0.048
GCS, % 12.7 4.8 9.9 4.6 0.001
CEI  angiotensin-converting enzyme inhibitors; ARB  angiotensin receptor blockers; E/AL
atio  ratio of early transmitral flow to atrial contraction; GCS  global circumferential strain;
LS  global longitudinal strain; LA  left atrium; LV  left ventricular.o the etiology of heart failure, LV mass index, and
ransmitral flow.
redictors of cardiac events. By univariate survival using
Cox proportional hazards model, age, left atrial volume,
V volume, LVFS, LVEF, systolic and early diastolic
itral annular velocities, E/e=, and both GLS and GCS
ere significantly associated with cardiac events. The
azard ratio (HR) of each variable is shown in Table 2.
sing multivariate Cox analysis, age (HR: 1.09; p 
.012) and GCS (HR: 1.15; p  0.007) were indepen-
ent predictors of cardiac events in patients with heart
ailure. Importantly, reduced GCS was related to an
ncreased risk of cardiac events in patients with heart
ailure of both an ischemic and nonischemic origin, but
LS was associated with patients with heart failure of an
schemic origin only (Fig. 2).
The additional benefit of global strain to predict cardiac
vents is shown in Figure 3. With regard to the incremental
alue, GLS offers a small additional benefit over conven-
ional parameters (LVEF and E/e=). However, the addition
f GCS markedly improved the prognostic utility of the
odel containing LVEF, E/e=, and GLS.
OC curves to predict cardiac events. By analyzing the
OC curve, the area under the ROC curve of GCS was the
reatest, with a best cutoff point of 10.7% (Fig. 4).
owever, the areas under the ROC curve between each
ariable are not statistically different.
aplan-Meier analysis. The mean event-free survival
valuated by Kaplan-Meier analysis was longer in patients
ith GCS 10.7% (59.0  2.0 months) than in those
ith GCS 10.7% (47.1  3.4 months) (Fig. 5).
easibility and reproducibility. We were able to measure
jection fraction (EF) by biplane Simpson’s rule in 198
atients (98.5%). We obtained global strain only in the case
f adequate tracking quality 5 of the 6 segments per view.
f the 201 patients, 88% of mean longitudinal strain and
2% of circumferential strain could be measured. The
eproducibility was performed on a single set of recordings.
ariability in the measurement of global strain was evalu-
ted in 20 randomly selected patients. For intraobserver
ariability, the same observer measured global strain for
ach of the selected patients again 15 days later. The
oefficients of variation of intraobserver variability for GLS
nd GCS were 3.5% and 4.9%, respectively. For the
nterobserver variability, a second independent observer
epeated the analysis. The coefficients of variation of inter-
bserver variability for GLS and GCS were 3.6% and 6.3%,
espectively.
iscussion
his study is the first to demonstrate the prognostic
ignificance of global 2D strain in patients hospitalized with
cute heart failure. GCS is an independent prognosticator
o predict cardiac events in heart failure regardless age,
VEF, and E/e= and has greater prognostic power than
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August 11, 2009:618–24 Global Strain in Heart FailureLS or LVEF. Furthermore, the measurement of global
D strain is simple and highly feasible and shows excellent
eproducibility.
ndocardial versus mid-wall function. Although LVEF
s an accepted prognostic indicator in heart failure, the
elationship between EF and adverse outcome in the full
pectrum of heart failure is less well documented. The
rognosis in patients with most forms of heart failure is
nversely related to LVEF, at least for an LVEF 45%
1,2,10). However, recent evidence suggests that the
Figure 2 Incidence of Cardiac Events According to Etiology of
The cutoff values of global circumferential strain (GCS) and global longitudinal stra
were achieved by the highest sum of sensitivity and specificity using receiver-opera
Univariate and Multivariate Cox Proportional HaTable 2 Univariate and Multivariate Cox Pro
Variable
Univariate
HR 95%
Age 1.05 1.02–1
Ischemic etiology 1.17 0.65–2
LA dimension 1.07 1.02–1
LA volume index 1.03 1.01–1
LV dimension
End-systole 1.03 1.01–1
End-diastole 1.04 1.01–1
LV fractional shortening 0.97 0.94–0
LV volume
End-systole 1.01 1.00–1
End-diastole 1.01 1.00–1
LV ejection fraction 0.97 0.95–1
Mitral regurgitation* (0.2 cm2) 1.48 0.83–2
Tissue Doppler
s= 0.72 0.57–0
e= 0.79 0.63–0
E/e= ratio 1.04 1.01–1
GLS 1.10 1.00–1
GCS 1.13 1.05–1
*Graded by regurgitation orifice area.
HR  hazard ratio; CI  confidence interval; other abbreviations asurvival of patients with heart failure with preserved LV
ystolic function was similar to that of patients with a
educed EF (11).
LV systolic function is a complex, coordinated action by
ongitudinal and circumferential fiber contraction. The sub-
picardial and subendocardial fiber layers are longitudinally
riented, with a significant contribution to long-axis func-
ion, whereas the middle layer is circumferentially arranged
nd contributes to thickening and short-axis function. The
ircumferential fibers in the mid-wall play an important role
Failure
S)
haracteristic curve analysis.
Analysisonal Hazards Analysis
sis Multivariate Analysis
p Value HR 95% CI p Value
0.002 1.06 1.01–1.10 0.017
0.605
0.002
0.005
0.011
0.016
0.028
0.016
0.025
0.031
0.183
0.006
0.040
0.005
0.049
0.002 1.15 1.04–1.28 0.006
e 1.Heart
in (GL
ting czardsporti
Analy
CI
.08
.11
.12
.06
.06
.07
.99
.01
.01
.00
.62
.91
.99
.08
.21
.22
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Global Strain in Heart Failure August 11, 2009:618–24n extensive endocardial thickening (12). Nonuniformity of
ber orientation was thus matched by a nonuniform sus-
eptibility of the various layers to injury. Therefore, the
easurement of both longitudinal and circumferential con-
raction is of great help to understand LV contractile
unction. Before the development of 2D strain, only mag-
etic resonance tagging had been used to compute circum-
erential strain. Mid-wall shortening can now be directly
easured by 2D strain and might conceivably identify
atients at risk for a poor outcome. The correlation between
Figure 3 Prognostic Value of Echocardiographic Parameters
Incremental prognostic value of the risk factors (ratio of early transmitral flow
to early diastolic annular velocity [E/e=], left ventricular ejection fraction, GLS,
and GCS) by Cox proportional hazards model presented as a global chi-square
value. The addition of GCS resulted in significant incremental improvement in
the predictive value on the E/e=, ejection fraction (EF), and GLS. Abbreviations
as in Figure 1.
Figure 4 Receiver-Operating Characteristic
Curves to Predict Cardiac Events
Black line  GCS; green line  GLS; red line  left ventricular ejection frac-
tion (LVEF). AUC  area under the receiver-operating characteristic curve; CI 
confidence interval; other abbreviations as in Figure 1.lircumferential strain with mid-wall shortening is signifi-
ant (6). In this group of patients, the association between
ircumferential strain and the cardiac events was present
ven after adjusting for the clinical factors most associated
ith prognosis: age, etiology of heart failure, chamber
imension, ejection fraction, and diastolic function.
In a prospective epidemiologic study, LV long-axis func-
ion rather than short-axis function independently predicted
urvival in chronic heart failure (13). This result is in
ontrast to the findings reported herein. In that study,
hort-axis function was assessed by endocardial fractional
hortening. However, conventional parameters, such as
VEF or endocardial fractional shortening, reflect the
eometric change of LV rather than the contractile function
f the myocardium. Because LV geometry and wall thick-
ning are not always uniform, mid-wall function has been
roposed for evaluation of systolic function in conditions
ith altered LV geometry, especially LV hypertrophy (14).
urthermore, mid-wall shortening serves as an independent
rediction of adverse outcome in arterial hypertension (15).
schemic versus nonischemic origin. In this study, de-
reased circumferential strain rather than longitudinal strain
as associated with increased cardiac events of both isch-
mic and nonischemic origin.
Because subendocardial fibers, which are mainly longitu-
inally oriented, are more susceptible to ischemia, it might
e expected that the longitudinal function is altered earlier
han the mid-wall function (8). Experimental studies have
hown that ischemia-induced myocardial necrosis is char-
cterized by extension from the endocardial layer to the
ubepicardium (16). Therefore, in early ischemic conditions,
ubendocardial dysfunction is likely to selectively affect the
Figure 5 Kaplan-Meier Analysis According to GCS
The cutoff value (10.7%) was defined as the point with the highest
sum of sensitivity and specificity. GCS  global circumferential strain.ongitudinally directed fibers and manifest itself as decreased
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August 11, 2009:618–24 Global Strain in Heart FailureVEF and longitudinal strain, whereas mid-wall function is
elatively preserved. In contrast, transmural infarct is asso-
iated with a reduction of both long-axis and short-axis
unction (17).
In patients with coronary artery stenosis, circumferential
yocardial shortening deteriorated to a greater extent dur-
ng stress echocardiography among 3-directional deforma-
ions. The level of contribution of circumferential fiber to
V myocardial thickening is greater than that of longitudi-
al fibers (18). Therefore, a decrease in circumferential
train, which reflects more advanced myocardial ischemia, is
ore closely related with prognosis than longitudinal strain
n ischemic heart failure.
Although there are no published reports of the prognostic
mplication of circumferential strain in nonischemic heart
ailure, the major abnormality in idiopathic dilated cardio-
yopathy is the marked reduction in fiber shortening (19).
n nonischemic dilated cardiomyopathy, approximately 30%
f patients have mid-wall fibrosis as determined by cardio-
ascular magnetic resonance, which is a predictor of adverse
utcome regardless of LVEF (20,21). This could explain
hy decreased GCS was associated with an increased risk of
ardiac events.
Although circumferential shortening currently cannot be
onsidered part of routine clinical practice, this new tech-
ology provides important prognostic information in heart
ailure. Because estimation of global strain is reasonable,
ven for images with poor tracking quality in 1 segment of
he 6, global strain has a theoretical advantage over other
chocardiographic-based methods (9).
tudy limitations. The importance of this study seems
imited because 2D strain can be measured using only
edicated software. The feasibility of GLS and GSC was
nly 88% and 92%, respectively. The 2D strain based on
peckle tracking is highly dependent on image quality and
he inherent limitation therein. We used 2 kinds of echo-
ardiographs (Vivid 5 and 7). Although the 2D strain from
ivid 5 was less validated, it should work if the frame rate
nd images are adequate. For longitudinal strain, we ana-
yzed data from the apical 4- and 2-chamber views. Addi-
ional analysis of the apical long-axis view provides optimal
nformation for longitudinal strain. Although the relation
etween GCS and cardiac events remained significant after
orrection for classic risk factors, we did not obtain impor-
ant factors in heart failure, such as brain natriuretic peptide,
egree of pulmonary hypertension, or right ventricular
unction. Furthermore, the number of hard events was
elatively low in identifying various predictors of heart
ailure. Finally, our conclusions apply to patients who were
ospitalized for newly developed acute heart failure and
hould not be extrapolated to all heart failure patients.
onclusions
n our single-center study, we demonstrated that GCS is an
ndependent predictor of cardiac events and appears to be a
1etter parameter than LVEF or GLS for prognostic strat-
fication in patients with acute heart failure.
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